Introduction
Coronary artery injury or vasospasm can occur as a direct thermal effect of radiofrequency (RF) catheter ablation. [1] [2] [3] [4] [5] [6] [7] The right coronary artery (RCA) and left circumflex artery (LCx) are adjacent to the valvular annuli and are likely to suffer from ablation-related injury when RF energy is delivered to accessory pathways [1] [2] [3] [4] [5] [6] or the mitral isthmus. 7 The right ventricular outflow tract also lies in close proximity to the major coronary arteries. 8 However, to the best of our knowledge, injury to the left anterior descending artery (LAD) associated with left ventricular (LV) endocardial ablation has not been reported.
Case report
A 22-year-old man was admitted to our hospital because of palpitations and dyspnea on effort. Twelve-lead electrocardiography showed frequent ventricular premature contractions (VPCs) that were predicted to originate from the LV outflow tract based on QRS morphology ( Figure 1A ). Echocardiography revealed reduced LV function with an ejection fraction of 35%. A decrease in the number of VPCs and improvement of ejection fraction were observed with oral administration of amiodarone. Hence, VPC-induced cardiomyopathy was assumed, and RF catheter ablation was indicated for treatment of the VPCs.
Mapping of the VPCs was performed at the LV endocardial surface, coronary sinus, great cardiac vein (GCV), and aortic left coronary cusp (LCC). Mapping at the GCV with a 2Fr catheter (EPstar Fix, Japan Lifeline, Tokyo, Japan) revealed a good pace-map, and the local electrogram preceded QRS onset by 25 ms (Figures 1A-1C ). RF energy was not delivered to this site because of the high impedance and limited accessibility of the ablation catheter 9 but was delivered alternatively to the basal anterior portion of the LV endocardium where a good pace-map was also obtained. RF energy was delivered using an irrigated-tip catheter (ThermoCool, Biosense Webster, Diamond Bar, CA) at a power setting of 35 W and maximum temperature of 431C. VPCs transiently disappeared during RF applications but recurred immediately after applications were stopped. RF energy delivered at the LCC at the same settings also failed to eliminate the VPCs. Coronary angiography performed before and after ablation at the LCC did not reveal any coronary artery injury. Again, we moved to the left ventricle and RF energy was increased to 50 W, which resulted in complete elimination of the VPCs ( Figure 1C ). The sites of ablation are also shown in the CARTO map (Biosense Webster; Figure 1D ). Although the patient did not complain of any symptoms and the 12-lead electrocardiogram did not show any ST-T changes, angiography performed just after the endocardial RF application showed significant stenosis in the proximal portion of the large first diagonal branch of the LAD (Figure 2 ). This branch also looked like a so-called dual LAD. The distance between the site of successful RF ablation and this branch of the LAD was angiographically measured to be 9 mm. Isosorbide dinitrate (5 mg) was injected immediately, but the coronary stenosis did not improve completely. Several additional vasodilators (nicorandil 2 mg and nitroglycerin 300 μg) were injected, and the coronary stenosis was gradually relieved. Oral administration of aspirin was continued for 1 month. The patient has been free from any arrhythmic and coronary events during a 9-month follow-up period.
Discussion
Coronary arteries can be damaged by RF energy, and the incidence is reported to range from 0.1% 1 to 1.4%. 2 The majority of reported cases involved RCA injury associated with ablation for right-sided accessory pathways.
3,4 Some cases involving LCx injury by ablation for left-sided accessory pathways also have been reported. 5 One reasonable mechanism of coronary artery spasm is direct thermal trauma from RF energy. A previous study in pigs showed that inflammation progresses to the layer of the coronary artery within 48 hours after RF energy delivery to the tricuspid annulus, and such pathophysiologic changes are considered to cause acute coronary spasm. 6 Therefore, coronary artery damage is most likely to occur during RF ablation on the atrial side of the valvular annuli and within the coronary sinus because these sites are very close to coronary arteries. Recently, LCx injury associated with mitral isthmus ablation has been widely noted because macroreentrant perimitral atrial flutter is common after ablation of atrial fibrillation. Wong et al 7 reported that 15 of 54 patients (28%) undergoing mitral isthmus ablation had acute subclinical LCx injury. 
KEY TEACHING POINTS
Coronary artery injury or vasospasm can occur as a direct thermal effect of radiofrequency catheter ablation.
Although right or left circumflex coronary artery injury is prevalent when ablating near the atrioventricular groove, left ventricular endocardial ablation using an irrigated-tip catheter also has a risk of injury to epicardial coronary arteries.
There is only 1 report of LAD occlusion after RF ablation. Dinckal et al 10 described a 32-year-old man with proximal LAD occlusion 10 days after RF ablation for a left lateral accessory pathway. Intravenous nitroglycerin was not effective, and a stent was immediately implanted. Their case is consistent with ours in terms of injury to the LAD but different in that the site of obstruction was far from the ablation site (proximal LAD occlusion after ablation of a left lateral accessory pathway), and the time from catheter ablation to LAD injury was much longer.
In our case, the morphology of the bipolar electrogram at the successful ablation site was dull compared with electrograms recorded at the distal coronary sinus, and the unipolar electrogram had a small r wave in its initial portion ( Figure 1B) , suggesting an intramural or epicardial origin of the VPC. Although direct thermal trauma from RF energy is considered to be the most likely reason for coronary artery injury or vasospasm in general, other possible mechanisms may have been associated with this phenomenon in our patient.
Direct mechanical trauma by an ablation catheter
There are a number of reports of left main coronary artery (LMCA) injury. [11] [12] [13] For example, Yalin et al 13 described a 56-year-old man with LMCA occlusion during RF ablation for a left anterolateral accessory pathway, which was treated by immediate percutaneous coronary angioplasty with a baremetal stent. All of the cases of LMCA injury were associated with a retrograde transaortic approach. The most probable cause was direct mechanical trauma to the LMCA when the ablation catheter crossed the aortic valve. Although the retrograde transaortic approach was used in our patient, the site of damage was far from the ostium of the LMCA, so direct trauma by the ablation catheter was unlikely.
2.
Mechanical pressure or high-output pacing by a fine mapping catheter in the GCV A recent study 9 reported that the close proximity of the GCV to the coronary artery system poses limitations for RF application in the GCV, suggesting the possibility of vasospasm due to mechanical pressure by the mapping catheter in the GCV overlying the LAD. However, this phenomenon is most likely to occur when the catheter is inserted into the GCV at the beginning of the procedure, and in our patient, catheter stability in terms of its location and electrograms was very high throughout the procedure, making this mechanism less likely. Also, high-output pacing stimulation from the mapping catheter in the GCV might capture the vascular smooth muscle of the LAD and induce vasospasm. However, we performed stimulation in the GCV only at the beginning of the procedure, and LAD stenosis occurred during the latter half of the procedure. The same difference in the time course during the procedure in this case makes both mechanisms less likely.
3. Angiocatheter-induced coronary spasm An angiocatheter tip contacting the vessel wall is a significant factor predisposing patients to catheterinduced coronary spasm. 14 In our patient, the LCx appeared hypoplastic. Even if the angiocatheter had been selectively cannulated in the LAD, it is unlikely that the angiocatheter would have advanced deeply to the segment where the vasospasm occurred because we repeatedly performed angiography, and the operator had accurately localized the ostium of the LMCA with the first angiogram.
Drug-induced vasospasm
Several drugs, such as catecholamines, acetylcholine, adenosine, and beta-blockers, increase the susceptibility to vasospasm. In our patient, no drugs (including isoproterenol) were used to induce the arrhythmia because the VPCs occurred incessantly during the procedure.
Yokoyama et al 15 evaluated the relationship between contact force and tissue temperatures, and lesion size during RF ablation, using a canine thigh muscle preparation. The median value of tissue temperature at a depth of 7 mm was 861C at settings of 50 W of power and 20g of contact force, and the median value of the maximum lesion depth was 9.4 mm at the same settings. Herein, we may have to take into consideration the cooling effect provided by coronary blood flow. However, these results support our presumption that RF energy delivered from the endocardial side with a high power setting and good catheter-tissue contact can reach not only to the RCA or LCx lying in the atrioventricular groove but also to the LAD on the epicardial side of the ventricular wall, leading to vasospasm or intimal injury.
In conclusion, LV endocardial ablation at high power settings might result in injury to the epicardial coronary arteries due to direct thermal trauma.
